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1. INTRODUCTION
In 2009, Wilkinson and Pickett published The Spirit Level, an extended version of Wilkinson’s relative income hypothesis (1992).1 This book 
used empirical research to demonstrate negative 
impacts of income inequality on crime, obesity, 
mental and physical health, educational attainment, 
and social capital. Wilkinson and Pickett argued that 
international differences in these socioeconomic 
indicators are best explained by looking at countries’ 
respective inequality levels, thereby forwarding a 
powerful argument for a more equal distribution of 
income. In 2010, the leaders of the United Kingdom’s 
two largest political parties, Prime Minister David 
Cameron and Labour leader Ed Miliband, cited 
The Spirit Level to support the case for reducing 
inequality. 2 
The paper primarily aims to present new 
evidence on the relative income hypothesis from 
an aggregate (macroeconomic) perspective while 
addressing the issue of causality and its direction, 
which is absent from Wilkinson and Pickett’s 
simple cross-sectional analyses. This is essential 
for understanding the potential implications of 
redistributive policies. 
To investigate the relative income hypothesis, 
data from an unbalanced panel of thirty-six countries 
over eighteen years is used in regression analysis of 
life expectancy. Various methods are employed—
including covariates, fixed effects, and a variable 
transformation—to distinguish microeconomic and 
macroeconomic channels. In conclusion, the data 
do not find evidence to support the importance of 
relative income on health independent of covariates.  
In the first half of this paper, I outline the possible 
causal channels between inequality and health (part 
2.1) and summarize the research conducted so far 
(part 2.2). Part 2.3 presents a variable transformation 
that enables direct testing for the relative income 
hypothesis from aggregate data. The empirical 
analysis follows. The data are described in part 
3.1, and panel regressions are conducted in parts 
3.2 and 3.3. Part 4 discusses results, offers policy 
implications, and suggests topics for further research.
2. THEORETICAL FRAMEWORK
2.1. Overview of Main Income-Health Theories 
This section outlines three different ways we 
can think about the relationship between health and 
income. 
First, health depends on the level of income: 
the poorer a person is, the worse her health, because 
she lacks the necessities such as basic healthcare 
and quality nutrition. This is the absolute income 
hypothesis. This pattern is well documented, 
especially when looking at the entire income 
distribution.3
Second, the relative income hypothesis states 
that one’s health depends on his or her position in 
the income distribution of the respective reference 
group (i.e. the group of people to which individuals 
compare their fortunes).  A poor individual’s health 
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does not suffer because she cannot afford quality 
nutrition and basic healthcare, but because she 
occupies an inferior position in her society. This 
health gradient persists throughout the income 
distribution. The causal channel is psychological—
the stress of having to “keep up with the Joneses” 
and deterioration of social relations are responsible 
for poor health outcomes. Merton’s Strain Theory 
describes the strain of an individual’s success on 
other, less successful individuals.4 Merton uses this 
to explain the inequality-crime relationship. Finally, 
Sapolsky documents stress being related to social 
status.5
Wilkinson argues that relative poverty only 
becomes prominent in countries that have undergone 
“epidemiological transition,” a point when the nature 
of mortal diseases changes from infectious to chronic 
and degenerative. This is usually identical to the point 
where the marginal returns on money with respect 
to health start to fall.  While higher incomes can 
help fight pandemic diseases, chronic diseases like 
ischemic heart disease respond much less to advances 
in individual earnings. Hence, absolute income does 
not have a significant effect on health in developed 
countries. Wilkinson demonstrates that the 
epidemiological transition can be seen in both cross-
sectional international data that includes poor and 
rich countries, and in a time series data analysis of 
rich countries.6 In the United Kingdom, for example, 
coronary heart disease became more common in 
working class than higher classes in 1970’s.7
While the causal channel from income to health 
is clear, there are several complementary links that 
could explain the negative impact of inequality on 
life expectancy: the stress of economic inequality 
may negatively impact the immune and endocrine 
systems, encourage fatalist thinking, and induce 
people to start smoking or consuming alcohol.8 
Mortality depends on work security and satisfaction 
and on support networks. All of these were shown to 
deteriorate with lower economic status.9 
But the causal channel does not run exclusively 
through individual stress levels. Wilkinson argues 
that inequality breaks down social cohesion and 
trust within a local community.10 Diminishing 
social networks and peer support are known to harm 
individual health. In this respect, income inequality 
is a proxy for social exclusion, with low levels of 
autonomy and security as related factors. In sum, 
relative deprivation not only creates chronic stress 
but also significantly weakens the institutions that 
would otherwise serve to diminish it. 
Wilkinson also drew attention to the fact that relative 
deprivation that negatively affects one’s health is 
anchored to the income of our social group, not 
to the average income of the whole world.11 This 
creates verifiable implication of the relative income 
hypothesis: a health gradient should exist within, but 
not between countries. Wilkinson brings evidence of 
precisely this relationship in the data.12 
So far, we have hypothesized that individual health 
depends on position in the income distribution. If 
it is better to be higher up in the income ranking, 
the richest individuals in a group should be left 
unaffected by the shape of the income distribution. 
To put it simply, the rich should not suffer from 
relative deprivation. 
However, an important extension of the relative 
income hypothesis is that income inequality may be a 
health hazard in itself.13 Some of the causal channels 
described above are as likely to affect the poor as the 
wealthy. There are psychological effects in play; in a 
society where wealth is important, the stress related 
to maintaining one’s position falls on both the rich 
and the poor. Social capital, social support, and the 
provision of public goods are all hypothesized to 
deplete as inequality grows. Similar arguments can 
be found in literature from other fields. For example, 
Alesina, Baqir, and Easterley argue that public 
spending falls with population heterogeneity; income 
inequality may serve as a magnifier of the differences 
between people.14 Knack and Keefer show a positive 
link between the levels of trust in a society and its 
GDP.15 Kahn shows how high inequality reduces 
life expectancy through underinvestment in social 
infrastructure.16 If income inequality fragments 
society and creates stress, envy and mistrust, high 
inequality will reduce the health of all members of 
a given society, even those at the top of the income 
distribution. This is the relative income hypothesis, 
which is present in all of the literature reviewed in 
this paper, and it is also the hypothesis this paper will 
test. Overall, the evidence in favor of this hypothesis 
is strong on the microeconomic level, but mixed at 
the aggregate level. The existing literature will be 
discussed in part 2.2. 
It is important to note that the causation may 
run in the opposite direction. Poor health prevents 
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individuals from working, reducing their income 
both absolutely and relatively. After all, health 
is one of the inputs into the production process. 
Policy implications are then very different, since 
income redistribution is a symptom, not a cause, 
of population health. Although this paper does 
not focus on this relationship, some papers in the 
discussed literature attempt to correct for reverse 
causation in order to improve the consistency of their 
results.17
 
2.2. Survey of Literature 
Because it is individuals, not countries, who 
experience health outcomes, microeconomic studies 
are a natural point of departure. The conclusion is 
clear: most studies find a significant and positive 
relationship between income inequality and mortality 
at the individual level. The precise definition 
of inequality varies—income, social status, and 
the degree of sub-ordinance all serve as possible 
benchmarks—but the causal links overwhelmingly 
point towards increased stress, insecurity, and loss 
of social support that originate in inequality, and 
have a negative impact on individual health and life 
expectancy.
Studies of aggregate data will be reviewed in 
the second half of this section. There is no clear 
consensus in this literature, although most papers 
seem to reject the hypothesis of a straightforward 
negative relationship between inequality and health. 
Much of the discussion centers around the precise 
interpretation of such a relationship: does it tell us 
anything about individual health-income relationship 
at all? This paper argues that it does not, unless 
specific methodology is employed. 
Microeconomic Studies
The absolute income hypothesis is the 
fundamental relationship for the study of income and 
health:
where hi represents individual health outcome (e.g. 
life expectancy or self-reported health status), yi is 
individual income, zi is a vector of demographic 
control variables, α is a constant and ε represents the 
error term. 
 To get an idea of the extent of mortality 
differences, the 1980 USA National Longitudinal 
Mortality Study revealed that people with household 
incomes below $5,000 could expect to live ten 
years less than individuals with household incomes 
exceeding $50,000.18 
Microeconomic research builds on (1) in two 
ways: including a growing number of controls (zi), 
and circumventing the problem of endogeneity of 
individual income. Both of these approaches aim to 
identify the direction and specifics of the causal link 
between income and health.
Adding control variables helps to pin down the 
source of income-health relationship by controlling 
for potential confounding factors.  The most ready 
candidates for controls were education, followed by 
race, gender, lifestyle factors (smoking, excessive 
drinking), and public health expenditure. For 
example, in a non-linear study, Smith and Kington 
showed the positive effect of income on self-reported 
health is only halved (and still significant) after 
variables such as smoking, BMI, and excessive 
drinking were added to the regression. 19
One of the first papers on this topic was 
by Kitigawa and Hauser, who analyzed different 
microeconomic datasets on income, social status, and 
mortality in the U.S.20   
The Matched Records Study matched death 
records with data from population censuses to 
construct a dataset of more than 340,000 individuals 
who died in 1960. Controlling for age, sex, and 
race, the study found a strong negative relationship 
between mortality and education. The life expectancy 
of the least-educated group was five years below 
the average life span of the most educated group. 
This was true for both overall mortality and 
mortality from cardiovascular diseases, although 
the results for cancer mortality did not exhibit a 
clear trend. Interestingly enough, this relationship 
was not observed among those above age sixty-five, 
suggesting that the positive impact of education may 
wear off over time. 
The best predictor of mortality, however, was 
not education, but income. The researchers found a 
clear negative relationship between the two, although 
they pointed out that because they used a measure of 
household income, not wealth, the individuals with 
poorer health may be forced to take less lucrative 
jobs. Hence, reverse causation may be one of the 
drivers behind the observed health gradient. As a 
result, the authors argued that years of schooling 
  (1) 
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serve as a better proxy for social status than income. 
This was supported by a multivariate regression that 
included both income and education as explanatory 
variables (again, also controlling for sex, age, and 
race): these two variables were both statistically 
significant. A different dataset was based on the 
population census in the Chicago metropolitan 
area for the years 1930–1960.  The results were 
very similar to their previous findings. Again, the 
overall mortality rate in the lowest income group 
was approximately 60–65 percent higher than in the 
highest income group.
The time series feature of the data revealed an 
important piece of evidence in favor of the relative 
income hypothesis. If absolute income, and not social 
status, mattered for life expectancy, one would expect 
that after several years of income growth, the poorest 
and the richest groups would have the same mortality 
rate. But instead, in Chicago, mortality was falling at 
an equal rate for all income groups, which preserved 
relative mortality between different income levels and 
suggested that absolute income is not all that matters 
for improving life expectancy.  
The problem with Kitagawa and Hauser’s study 
is that it failed to control for migration in and out of 
the areas over time, which might have been strongly 
linked with income and health.  Furthermore, neither 
the Matched Records Study nor the Chicago Area 
Study had any controls available for health-related 
factors such as smoking or exercise. The results 
of this study demonstrate a strong link between 
education, income, and mortality. 
Kitigawa and Hauser controlled for race, sex, 
education and age, but the seminal contribution 
to health-income covariates was a paper by Smith 
and Kington.21 Their aim was to explain the 
racial differences in health among the older U.S. 
population, but they employed a wide range of 
variables that are illuminating for income-health 
research in general. Interestingly, this paper used 
survey data on the predominantly retired population 
in the U.S. The advantage is that this population’s 
income (pension and annuity from accumulated 
wealth) does not depend on their contemporary 
health, so the researchers did not have to worry about 
reverse causation. 
Smith and Kington found a strong health 
gradient: self-reported health consistently 
corresponded to increased household net worth.22 
This relationship also held for changes in health. 
Furthermore, adding nonlinear function of income 
(linearly splined terciles) into the regression function 
significantly lowered the unexplained fraction of 
racial and ethnic health disparity. This suggests that 
the health-income relationship is concave.   
Smith and Kington controlled for a set of self-
reported risk behaviors, such as smoking, alcohol 
intake, and excess calorie intake, and concluded 
not only that the original health gradient was not 
affected, but also that economic factors explained 
more of the ethnic and racial health disparities than 
the behavioral risk factors. The link between income 
(and wealth) and health was strongest for the poorest 
individuals and became relatively weak at the top of 
the income distribution.
Similarly to Kitigawa and Hauser, education was 
a significant control that improved health beyond 
what it contributed to income.23 Smith and Kington 
saw this as evidence that schooling is either a good 
proxy for socioeconomic status or is intrinsically 
beneficial to health, perhaps by enabling the 
individual to make better health-related choices or to 
access health information at a lower cost.  
Menchik explored the direction of causation between 
income and health.24 To do so, he used three 
different tools. First, he employed steady household 
wealth as a proxy for income to exclude impacts from 
health on income. Second, he removed bias from 
unobservable individual differences by controlling for 
parents’ health and self-assessed health status.  Third, 
this regression was then estimated as a panel logit 
model to allow for non-linearities in the income-
health relationship. The resulting estimate of β, the 
coefficient of income in the health-income regression 
(1), was positive and significant at 5%. Income, he 
concluded, caused higher life expectancy.
An alternative approach to investigating 
health-income causality is to make use of natural 
exogenous changes in income. Wilkinson conducted 
a quasi-natural experiment where he analyzed the 
relative changes in mortality and income for different 
occupational classes.25 He argued that although 
there was significant self-selection into occupations 
at the entry, most people stay within their occupation 
for the rest of their lives. This creates ideal conditions 
for this type of experiment: once we control for the 
occupational choice, changes in earnings of a given 
occupational class are independent of individual 
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characteristics—the income of an individual does not 
have a significant impact on the changes of earnings 
of her occupational class. This makes it possible to 
estimate the causal relationship between income and 
mortality. 
Looking at the 1971 and 1981 British censuses, 
Wilkinson found that 21 percent of the variation in 
mortality rates by occupation can be explained by 
occupational unemployment and the percentage of 
men with the lowest earnings. Changes in earnings 
in the higher parts of the distribution were not 
statistically significant, suggesting that it is relative 
deprivation that reduces life expectancy.
All of the studies cited so far explored primarily the 
effect of absolute income and touched the relative 
income hypothesis only indirectly. A measure of 
income inequality, gs, was at first included as a 
demographic control variable. Along with measures 
of psychological stress, these were the beginnings of 
the relative income hypothesis. Silver was among the 
first ones to use these measures.26 
While stress proved to have a significant 
negative effect on individual health, the results for 
income inequality are still mixed: Gerdtham and 
Johannesson fail to reject the null hypothesis that 
community income inequality causes individual 
mortality in Sweden,27 and Daly et al. find that 
state-level inequality is insignificant for individual 
mortality,28 but Wilkinson shows that life expectancy 
and relative poverty are very negatively correlated.29  
 The most persuasive evidence for the relative 
income hypothesis comes from the Whitehall 
studies.  Conducted in two waves (1967 and 1985) 
and focusing on British Civil servants, the studies 
discovered that rather than observing a clustering 
of bad health and risk factors at the lowest social 
class, the data exhibit a continuous health gradient 
that affects all social classes, including relatively rich 
individuals. The powerful implication of these studies 
is that “inequalities in health cannot be divorced 
from inequalities in society”.30
The first Whitehall study was carried out 
on 17,530 male civil servants, collecting medical 
information and data on their health-related 
behavior. Their “employment grades” were used as a 
measure of their social status within their workplace.
Seven years later, deaths of study participants were 
recorded. Forty-three percent of these deaths were 
attributed to coronary heart disease (CHD), a 
diagnosis often linked to stress. 
Marmot et al. analyzed this subsample 
and found two clear trends.31 First, the CHD 
mortality rate increased with age. Second, and 
more surprisingly, this mortality rate displayed 
a steep gradient with respect to the employment 
grade. Controlling for age, the men from the 
lowest employment grade (messengers and manual 
workers) were 3.6 times more likely to die of CHD 
than the men in the highest grade (employees of the 
administration). The first Whitehall study also notes 
a strong positive link between employment grade 
and healthy lifestyle (proportion of active sports 
in leisure time, smoking). Only 29 percent of the 
administrators smoked, compared to 61 percent of 
those in the “other” grade. A multiple regression was 
used to assess how important grade is, controlling 
for lifestyle choices and recorded health status. Only 
40 percent of the grade differences in CHD mortality 
could be explained by these behavioral factors, 
suggesting that social status (inequality) indeed plays 
a very important role. 
Indeed, the participants may have been sorted 
into employment grades based on their good 
health. This was the case for Civil Service employees 
that were hired as “other” grade after their health 
problems prevented them from performing more 
demanding physical work in better jobs. To examine 
the possibility of reverse causation, Marmot et al. 
split the sample according to whether or not the 
men suffered from a list of CHD-related symptoms 
when hired. Although the civil servants hired with 
symptoms were more likely to die of CHD, the health 
gradient remained relatively unchanged, and was 
equally significant in explaining CHD mortality. This 
relationship proved to be stable over the seven years 
of follow-ups. 
A different confounding factor was that the men 
in the “other” grade were on average five centimeters 
shorter than those in the highest grade. Height 
remained negatively correlated with CHD mortality 
even after including a range of controls. Furthermore, 
height seemed to be directly linked to socioeconomic 
status (WWII). The interaction between mortality, 
inequality and early environment is complex and 
was not pursued further in the paper. The authors 
concluded that “a man’s grade of employment was 
a stronger predictor of his subsequent risk of CHD 
death than any of the other major coronary risk 
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factors“.32 
Eighteen years later, a second cohort of British 
Civil Servants participated in an extended follow-up 
to the first Whitehall study.33 This research collected 
a much greater range of data on participants’ 
behavior, as well as on various stress-related factors 
such as support networks and job satisfaction. 
Although some things changed—men were 
much less likely to smoke compared to twenty years 
prior—Whitehall II confirmed the findings of its 
predecessor. Not only coronary heart disease, but 
also angina pectoris, chronic bronchitis, and other 
chronic and degenerative diseases were less likely in 
higher employment grade. The association between 
low employment grade and risky lifestyle choices, 
such as greater alcohol consumption, smoking, 
obesity, and less physical exercise, also persisted. 
Concerning the new data on social and 
psychological factors, fewer civil servants from the 
lower employment grades reported satisfaction with 
their work, having a close confidante, and pursuing 
hobbies; they were also more likely to not own a 
car and to experience problems paying their rent. 
In general, having little control over one’s life may 
be another channel through which stress influences 
mortality.  
The Whitehall studies give powerful testimony 
to the impact of inequality on individual life 
expectancy.  First, the participants were all non-
manual workers in stable employment and none 
of them were in absolute poverty. Despite that, the 
study revealed a strong health gradient based on 
position in society. Second, increased probability 
of cardiovascular diseases was associated with 
stressful jobs, and the Whitehall studies deepened 
our understanding of what it is exactly about stress 
that is detrimental to health. Until Whitehall I, it was 
accepted that greater stress arose from fast-paced 
jobs with large responsibility. This study revealed 
that the true problem is the discrepancy between the 
psychological demands of a job and the degree of 
control the employee can actually exert.34 This serves 
as a powerful empirical foundation for the claim that 
inequality is bad for individual health.
A direct link between social status and health 
was observed in primates, too. Archie et al. observed 
baboons in their natural habitat for over 20 years 
and found that alpha monkeys were much faster to 
recover from injuries than their lower-status peers.35 
The researchers discovered that the pressure of low 
status was proved to be an exceptionally strong 
source of chronic stress, and low status also meant 
a baboon was less likely to receive social support, 
which usually serves as an “antidote” to greater levels 
of stress hormones. 
Sapolsky argued that we can extrapolate the 
qualitative results from the study of baboons onto 
humans.36 When under stress, human and baboon 
bodies release similar hormones and experience 
similar emotions, and similarly to people, baboons 
do not face any predators in their natural habitat and 
thus most of their stress originates in their social 
group. Hence, there is a reason to believe that at least 
some of the findings about baboon health-status 
relationship are transferable to humans. 
Another piece of interesting evidence of the harmful 
impact of relative deprivation comes from behavioral 
economics. Kuhn et al. analyzed data on lottery 
winners and their neighbors in the Netherlands in 
the period 2003-2006.37 The postcode lottery in this 
country randomly allocates a luxury car to the lucky 
lottery participants. The researchers reported a strong 
effect where neighbors of a lottery winner were much 
more likely to buy a new car than the inhabitants 
of a neighborhood where nobody won. The study 
hypothesized that neighbors that cared about how 
they are socially perceived bought a new car to “keep 
up with the Joneses.” 
The rest of the microeconomic literature 
focuses on more conventional datasets and income 
inequality. 
A paper by Wilkinson followed novel 
methodology to bring evidence of a non-linear 
relationship between inequality and health.38 
Wilkinson used U.K. cross-sectional microeconomic 
data on self-reported health and household 
income, and computed “health ratios,” a measure 
of individual health relative to the average score 
of the people of the same age. He regressed these 
individually against the household income and found 
a U-shaped relationship between inequality and ill-
health ratio.  The wealthy individuals in the sample 
never experienced worse relative health than their 
low-income counterparts at the other end of the 
distribution. Although these results are for morbidity, 
not mortality, previous studies showed that morbidity 
is a very good predictor of mortality, and thus these 
results can be generalized.39 
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Why did the ill-health ratio rise at the right 
end of the income distribution? Wilkinson pointed 
out that in Britain, class and income are not always 
good predictors of each other. For instance, fifty 
percent of manual laborers in the transport sector 
earned more than the bottom twenty-five percent 
of the managerial class. Despite this strong claim, 
Wilkinson does not address the implications of the 
divorce between social status and income for the 
methodology and interpretation of most research 
on life expectancy and inequality, which takes the 
position that income distribution is a good proxy 
for social status. If Wilkinson’s evidence that the 
inequality-health relationship is convex holds, 
income redistribution from the rich to the poor may 
improve mortality and morbidity at both ends of the 
income distribution.  
All of the research mentioned until now 
focused on a single country—studies that combine 
international data are rare. The limiting factor in this 
case is the lack of data that is adequately comparable 
across countries. 
An exception is a study by Lobmayer and 
Wilkinson, which used a relatively new international 
microeconomic dataset, the Luxembourg Income 
Study.40 Their paper is a response to a surge in 
contemporaneous studies that have failed to find an 
empirical relationship between inequality and life 
expectancy and claim that it was a phenomenon of 
the end of the twentieth century alone.
The results for total mortality rates were weak 
and mixed, confirming the findings of the literature 
to which Lobmeyer and Wilkinson respond. Looking 
at premature mortality, however, delivered clear 
results in line with the relative income hypothesis: it 
was strongly and positively associated with income 
and income inequality. 
The two mortality measures used (traditional 
morality and index of premature deaths) attach 
different weights to different age groups, namely the 
premature deaths measure gives greater weights to 
the mortality of young population. As a consequence, 
the discrepancy of results when using different 
measures points to the fact that the income-health 
relationship changes with age. For those under the 
age of sixty-five, mortality grew with inequality, and 
also in relative poverty for these age groups.  That 
would explain the positive relationship between 
premature mortality rates and median income. 
The authors conclude that the loss of the 
health-inequality link in recent literature is a result 
of demographic changes in the income distribution.  
It used to be the elderly population, but now it is 
families with young children who are most likely 
to find themselves with the lowest incomes. As the 
mortality rates in younger age groups are much lower 
compared to the morality above age sixty-five, the 
authors argue that this shift in income distribution is 
likely to obscure the relationship between inequality 
and mortality. This assertion was supported by 
the four countries for which time series data was 
available, but it is questionable how robust evidence 
based on such a small sample can be. 
Despite its potential, the Luxembourg Income 
Study is representative of only a few European 
countries and has not yet been fully used for income-
health research. To explain international differences 




Macroeconomic studies focus on explaining 
the variation in mortality rates across countries. 
The point of departure for this perspective on the 
income-health relationship lies in two papers from 
the 1970s. 
Preston observed a positive and concave 
relationship between income (per capita GDP) and 
life expectancy.41 Income improves life expectancy 
in the initial phases of development, but as a country 
becomes richer, an additional unit of income 
buys fewer and fewer years. The income-health 
relationship exhibits diminishing marginal returns. 
An extreme extrapolation of this concave trend 
is that above a certain threshold (epidemiological 
transition), absolute income no longer matters. 
The income-health relationship becomes flat when 
the distribution of income within a society gains 
prominence. Average life expectancy of a country can 
now be raised by taking money away from the rich, 
whose life expectancy will respond only mildly to 
changes in absolute income, and giving it to the poor, 
for whom absolute income still raises life expectancy 
considerably. This was the bottom line of the second 
seminal paper of this field by Rodgers: on average, 
combining the absolute income hypothesis with 
diminishing marginal returns on income implies that 
income equality improves health.42 
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An important result of the Preston and Rodgers 
study is that on the country level, relative and 
absolute income hypotheses are indistinguishable: 
income inequality reduces life expectancy.  Only after 
employing special methodology, such as the one used 
in this paper, it is possible to use macroeconomic 
data to learn about the individual health-income 
relationship. 
The basic aggregate relationship estimated is:
(where hs presents state average health outcome, 
ys is country average GDP per capita, gs is a measure 
of state-specific level of income inequality and zs is a 
vector of other parameters). 
Because the concavity of health on income 
confounds the individual health-inequality 
relationship, δ only measures the impact of inequality 
on average health outcome in a country. Even for 
a general understanding of δ as a simple measure 
of covariance between health and inequality, its 
value is ambiguous and depends on whether (2) 
includes non-linear functions of income. If it does, 
as in Gravelle et al.  (who replicated Rodgers’ paper  
with new data and a range of alternative functional 
forms, including a nonparametric 3SLS procedure to 
approximate the concave income-health curve), it is 
not surprising if δ is insignificant, because inequality 
and non-linear functions of income may be capturing 
the same aggregation affect.43 Gravelle failed to find 
a significant link between inequality and health, 
which led to the conclusion that the harmful effect 
of income inequality on individual health is just a 
“statistical artifact.” 
On the other hand, Kaplan et al. and Wilkinson 
found a large and significant effect of inequality on 
average life expectancy.44 
Overall, these results are very sensitive to 
different functional forms of (2), the measures of 
income inequality (household vs. personal, different 
decile ratios) and the addition of control variables 
zs.45 Thus, the literature does not reach a consensus 
about the value of δ.
One of the papers that reported a very large δ in 
both static and dynamic settings is by Wilkinson.46 
He worked with OECD cross-sectional data from 
1986-1987, and his research provides strong 
evidence in favor of inequality as the determinant 
of differences in international life expectancy. Per 
capita GDP and health were weakly correlated 
(correlation coefficient of only 0.07), but regressing 
life expectancy on inequality and income resulted in 
adjusted R2 of approximately 75 percent. Wilkinson 
concluded that income and income inequality alone 
can account for three quarters of the variation in life 
expectancy.
The second part of this paper looked at the 
links between changes in variables. Using a different 
dataset with several time periods, he regressed the 
annual growth rate of life expectancy on the growth 
rate of relative poverty.  The correlation coefficient 
was -0.73: the countries where relative poverty 
diminished faster also enjoyed faster growth in life 
expectancy. 
In Wilkinson’s opinion, the high correlation 
coefficients estimated were sufficient evidence of 
causality. He argues that with correlation so strong, 
it is unlikely that the health-income relationship 
isn’t driven by a third variable. Moreover, because 
the data on GDP per capita and life expectancy were 
calculated using the whole population, including 
economically inactive individuals whose income does 
not depend on their health (such as children and 
pensioners), the probability that the link between 
health and income comes from reverse causation 
is small. The truth is that both of these arguments 
could be easily disputed by finding a significant third 
variable, such as strong welfare state. This would 
render Wilkinson’s empirical findings spurious. 
A more persuasive argument in favor of the 
relative income hypothesis comes from a different 
paper by Wilkinson.47 In this study, Wilkinson 
explains the concept of epidemiological transition 
and gives compelling reasons for drawing from 
aggregate data in search of evidence of the relative 
income hypothesis. 
In the last half-century, we have witnessed 
improvements in life expectancy at the rate of two 
to 2.5 years per decade, even when the income-
mortality profile was flat. Humanity clearly hasn’t 
reached the limits of life expectancy; only the 
determinants of life expectancy have changed in 
the process called ‘epidemiological transition,’ “the 
shift in the main causes of death from infectious 
diseases to degenerative cardiovascular diseases and 
cancers.”48 Now that almost all members of society 
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being able to afford white bread and sugar), the 
question is why the probability of dying of a stroke 
is not the same for the top and the bottom quintiles 
of income distribution. In fact, the diseases among 
the affluent of the past (obesity, coronary heart 
disease) have become more common among the poor 
today. Wilkinson argues that the cause is relative 
deprivation. 
Another piece of evidence comes from 
comparing the historical development of the UK and 
Japan: while the Japanese society became much more 
egalitarian (at least with respect to incomes) in the 
period since 1970, the UK experienced an increase in 
income inequality. At the same time, Japan became 
the country with the highest life expectancy, while 
the UK’s position in OECD rankings slipped from 
tenth to seventeenth. It is possible, of course, that 
these trends can be explained by some third variable 
driving both health and inequality, such as change in 
attitudes and preferences. Wilkinson did not provide 
an answer to this.
Another problem arising from the relative 
income hypothesis is that given that an individual’s 
absolute income determines her position in 
the inequality ranking, how can we distinguish 
between the two? A different paper by Wilkinson 
used aggregate data to respond to this issue.49 He 
points out that while a strong health gradient is 
consistently found within countries, it is absent 
from international comparisons. The strong health 
gradient within countries is a reflection of social 
status (one’s position in the society usually does not 
depend on wealth in other countries) and confirms 
the relative income hypothesis.  
The literature described so far focused on 
showing how and what aggregate data tells us 
about the effects of inequality on individual health. 
Little attention was given to additional explanatory 
variables. This is addressed in the following section.
When it comes to the addition of covariates, 
opinions vary. Proponents of the relative income 
hypothesis argue that controlling for the channels 
via which income inequality damages health (e.g. 
education) artificially reduces the significance of 
inequality variable.50  
On the other hand, studies like Silver champion 
the use of a large set of additional explanatory 
variables to obtain more precise models of the 
income-health interaction.51 In particular, Silver 
assumed that mortality is a result of a rational choice 
of how much input to sacrifice for better health, and 
the only way to consistently estimate this model is by 
using various covariates.  
The health demand variables were household 
income, education (as a proxy for the cost of health 
information), “taste variables” such as marital 
status and fertility; and cultural and historic factors, 
for which a region dummy was used. Silver also 
controlled for stress (death rates of ulcers of the 
stomach) and public health expenditure.  
A 2SLS regression was fitted along OLS because 
there are several reasons why income may depend 
on health, some of them leading to simultaneity bias. 
First, disease and injury may lead to loss of work or 
a shift to an occupation with a lower wage. Second, 
state benefits for the chronically ill and disabled 
increase income even as health deteriorates. Third, 
an individual with a shorter life expectancy has 
less time to recoup the returns on investment into 
education, and will therefore invest less. Thus, fewer 
years of schooling lead to lower wages. Exogeneity 
of income is also important for unbiased estimation 
of the coefficients on other explanatory variables 
that are likely to be correlated with income, such 
as marital status and physicians per capita. This 
paper looked at average variables by area in the U.S. 
data in the years 1959-61. The main results were 
very similar for OLS and 2SLS: both income and 
education significantly improve life expectancy. 
Stress and smoking were found to be detrimental to 
health (ulcers are significantly and positively related 
to mortality), while the coefficient for public welfare 
expenditure was significant and negative, suggesting 
a reverse causality problem where public welfare 
grows in areas with worse population health. Overall, 
Silver’s results on aggregate data were in line with 
similar microeconomic studies, such as by Kitigawa 
and Hauser.52
A more recent study by Daly et al., which also 
focused on the health-income relationship in the 
U.S., was unique in its simultaneous use of micro 
and aggregate data.53 Their analysis used various 
measures of income distribution, some of them 
poverty-sensitive and others affluence-sensitive. 
They served not only as a robustness check for 
their findings, but also to see how the shape of the 
distribution impacts on mortality. 
On the state level, Daly et al. found a strong 
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positive relationship between mortality and 
inequality. The association between mortality 
and inequality was significantly weaker when the 
inequality variable measured the upper end of 
income distribution. The regression of changes of 
mortality on changes in inequality, which presented 
a much stronger test of the health-inequality 
relationship, similarly suggested that only the 
changes of inequality among the poorest deciles of 
the population matter.  
Linking individual life expectancy with 
state-level inequality (controlling for age, race and 
median state income) brought rather different 
results: inequality had the correct sign, but was 
never significant. The authors admit that they could 
find a significant inequality-mortality relationship 
only after “considerable experimentation” with 
decomposition of the full sample. This is what led 
them to conclude that the data do not support 
any role of state-level inequality in determining 
individual mortality. The main message of their 
paper is the need to recognize the source of rising 
inequality: is it a growing pool of the poor, or is it 
that the rich are getting richer? The former seems to 
be more harmful to life expectancy than the latter: 
“Empirically, the mortality correlations are stronger 
for measures that stress the depth of poverty rather 
than the height of affluence.”54
A very different conclusion, a strong negative 
relationship between inequality and life expectancy, 
was the center of The Spirit Level, an influential book 
by Wilkinson and Pickett that brought the relative 
income hypothesis into public discussion.55 The 
authors focus on the relative income hypothesis, the 
claim that income inequality harms society by having 
a negative impact on all of its members. They use a 
large set of aggregate data on developed countries to 
prove its point.  As a measure of inequality, they use 
the ratio of incomes of the top 20% versus the bottom 
20% of the population. Their data comes from the 
World Bank (2004).
Wilkinson and Pickett produced an impressive 
set of scatterplots on OECD countries that document 
the negative relationship between income inequality 
in a given country and almost any “social bad” 
imaginable: obesity, drug use, homicide rate, teenage 
pregnancies, lack of trust, and life expectancy. This 
was complemented by a narrative that encompassed 
findings from sociology, their own epidemiological 
research, the economics of happiness, and animal 
biology. The authors concluded that income 
inequality is strongly linked to social ills, and that 
this channel operates on an individual level.
The message of the book provoked a strong 
negative response. Most of the criticism of the book 
focused on demonstrating that the correlations 
presented by Wilkinson and Pickett were a result of 
data mining and country selection. This is partly true 
(as Saunders and Snowdon argue in an article for 
the Guardian): for example, the authors omit South 
Korea, which is very unequal but has good social 
outcomes, and is therefore not consistent with the 
conclusions of their data.56 Another example is the 
use of old forecasts of obesity rates in the U.S., which 
strongly overshoot the actual values.57 However, 
the main limitations of the Spirit Level lie in its 
methodology and theoretical foundations.  
First, it is rather lax when describing its 
claims: the authors talk about “the society,” “almost 
everyone,” and “all individuals” interchangeably, 
although these refer to very different income-health 
hypotheses: “The benefits of greater equality spread 
right across society, improving health for everyone 
– not just those at the bottom. In other words, at 
almost any level of income, it’s better to live in a 
more equal place.” (emphasis mine).58 They fail to 
clearly distinguish between the impact of inequality 
on average variables, and when the effect pertains 
to individual outcomes. The interplay between 
concavity and inequality on aggregate level, as first 
described by Rodgers, is not discussed at all. 
Wilkinson and Pickett present the large set of 
scatterplots for different socioeconomic outcomes 
as evidence that the negative influence of income 
inequality on life expectancy is not a coincidence. 
The consistent and significant inverse relationship 
between inequality and negative social outcomes 
is interpreted as a strong indicator of a causal link 
between inequality and obesity, crime, etc. This is 
the second main problem of this book. While the 
authors may be correct about these correlations, 
which are indeed robust across dependent variables, 
these correlations tell us nothing about causality. The 
observed pattern in the data may be a result of a third 
variable, such as culture or history, driving these joint 
results. In fact, the authors refer to research that has 
been done on the links between life expectancy and 
social capital, suggesting that the inequality-health 
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relationship is not straightforward.
The third weakness is that all of their data is 
aggregate. This would be sufficient if the authors 
only claimed that inequality makes societies worse 
on average, but as noted above, they often use these 
aggregate correlations as evidence in favor of nega-
tive impact of inequality on individual outcomes. 
(In contrast, to avoid this pitfall, this paper employs 
specific decomposition technique to make inferences 
about the individual from the aggregate.) As Runci-
man noted, the book includes one chart that unam-
biguously supports the relative income hypothesis.59 
It plots infant mortality rates against father’s social 
class for Sweden vs. England and Wales. This graph 
not only shows a clear health gradient (the higher the 
class, the lower the probability of infant death), but 
it also shows that infant mortality in England and 
Wales is higher for all classes, including the top class. 
Following Runciman’s argument, this is the type of 
evidence Wilkinson and Pickett should have focused 
on to prove the relative income hypothesis.
2.3. Model
This section presents the theoretical model 
used to investigate the relative income hypothesis in 
aggregate data. 
To formally express the relationship between 
health, income and inequality, I adopt the model 
by Deaton,60 which draws on the work of Rodgers 
and Gravelle et al.,61 but includes a way to test the 
relative income hypothesis with aggregate data. 
I start by modeling the individual health-in-
come relationship. I assume that this relationship is 
quadratic, and that health falls within inequality of 
the individual’s reference group. A quadratic health-
income relationship implies that eventually, health 
will fall as income grows, which is not very plausible. 
A quadratic function was used due to its simplicity 
and because it serves as a good demonstration of De-
aton’s variable transformation. Later, in the empirical 
part, a log specification is explored as well.
 In keeping with the previously used notation, 
the health h of an individual i from a country s 
depends on her income y and on the inequality in 
her reference group g:
 I express income inequality as squared 
deviations from country mean. Is stands for the 
population size of country s. Note that the implicit 
assumption is that the reference group of i is her 
home country. 
The health-income relationship described in 
(3) nests various specific hypotheses. If we set  equal 
to zero, diminishing returns of income with respect 
to health are removed; when θ is zero, the model 
collapses to the absolute income hypothesis. Hence 
this model enables the testing of various assumptions 
as nested hypotheses under the umbrella expression 
(3).
Next, I need to aggregate (3) to model health-
income relationship on a macroeconomic level. To 
distinguish between the effects of aggregation and 
relative income hypothesis, I first express individual 
health and income as deviations from world averages 
( ) and income ( ):
I then sum these deviations for each country, 
and divide it by the population of the given s. The 
resulting variables are life expectancy and per capita 
GDP respectively, both still expressed as deviation 
from the world mean life expectancy and GDP per 
capita. This is the final formulation. 
In other words, I first express health and income 
of each individual as a deviation from the world 
mean, and then compute country averages of these 
deviations. This is done for each time period (note 
that this is why there is no time subscript on the 
variables of this model).
(5) demonstrates that even if inequality has 
no effect on individual income (θ is 0), it will still 
affect average country health. This was at the heart 
of the critique by Gravelle et al.62 A nonzero  will 




The dataset is an unbalanced panel of 
  (4) 
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eighteen years (1989-2006) and thirty-six countries 
categorized as follows:
Countries were chosen to represent different 
types of economies and to maximize data availability. 
Developed countries are taken from Wilkinson and 
Pickett;63 emerging countries are taken from the 
IMF classification (World Economic Outlook 2012). 
Altogether, there are 648 (potential) data points for 
each variable. Gaps in data are driven by frequency 
of surveys (especially true for the main explanatory 
variable of interest, the Gini coefficient), and these 
depend on the decisions made by statistical agencies. 
Hence, there is no reason to believe that the missing 
data are related to any economic factor. Instead, 
we can treat the gaps in data as random errors that 
should not result in measurement error bias.
 The UNU-WIDER database is a 
comprehensive collection of international inequality 
data. It is not perfect, though: to cover so many 
countries, the database merged many individual Gini 
coefficient surveys. As a result, the income inequality 
data are not perfectly comparable across countries. 
Moreover, the source varies also within countries 
because most inequality surveys are not conducted 
annually (with the exception of the USA). There 
are several inequality databases for each country. 
They usually differ by their definition of income, 
by looking at pre- or post-tax inequality, by unit 
used (household vs. Individual income), and by the 
frequency of their data. When selecting the data, my 
methodology was to use as few datasets as possible 
(within and across countries) and to choose the 
most similar ones (across countries). I assume that 
different versions of Gini move together over time, so 
that a particular definition should not matter once we 
difference the data. 
Health expenditure per capita is included to 
control for international differences in healthcare that 
may be unrelated to a country’s level of income and 
inequality. For example, after the 1989-91 revolutions 
in Eastern Europe, some countries (such as Hungary) 
saw less damage to their healthcare sector than others 
(such as the Baltic countries). Wilkinson and Pickett 
also included health expenditure in their health-
inequality research.64  
The public expenditure measure was included 
to control for a materialistic causal effect that runs 
from inequality to low social cohesion to low public 
spending.
When choosing a measure of the control 
variable (secondary school enrollment, health 
expenditure, and public spending), I picked the 
ones with the highest correlation coefficients with 
life expectancy. Consequently, the relative income 
hypothesis will be easier to reject and easier to defend 
if accepted by the data.  
The following table presents correlations 
between all variables, demonstrating a significant 
degree of multicollinearity (at the 5 percent 
significance level).
3.2. Panel Regressions on Non-Transformed Data
The focus of this section rests on the absolute 
income hypothesis and the detection of any 
inequality-health relationship. Direct testing 
of the relative income hypothesis via Deaton’s 
transformation follows in part 3.3.
I start with simple pair-wise correlations of the 
three main variables: life expectancy, per capita GDP, 
and inequality as captured by the Gini coefficient. 
Figures 1 to 3 confirm that the relationship 
between income and health is concave. Life 
expectancy declines only mildly with higher levels of 
income inequality, and the link between inequality 
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Table 1: description of variables and their sources 
(all variables are measured annually) 
Variable Unit Description Source 
Life 
expectancy 
at birth  
Years “Life expectancy at birth indicates the number of years a 
newborn infant would live if prevailing patterns of mortality 





















“GDP per capita is gross domestic product divided by 
midyear population. GDP is the sum of gross value added by 
all resident producers in the economy plus any product taxes 
and minus any subsidies not included in the value of the 
products. It is calculated without making deductions for 
depreciation of fabricated assets or for depletion and 












A relative measure of income inequality. Calculation rules: 
income share unit: household (if unavailable: person). Unit 
of Analysis: household (if unavailable: person). Income 
definition: disposable income (if unavailable: consumption). 












“Net enrolment ratio is the ratio of children of official school 
age based on the International Standard Classification of 
Education 1997 who are enrolled in school to the population 
of the corresponding official school age. Secondary 
education completes the provision of basic education that 
began at the primary level, and aims at laying the 
foundations for lifelong learning and human development, 
by offering more subject- or skill-oriented instruction using 















“Total health expenditure is the sum of public and private 
health expenditures as a ratio of total population. It covers 
the provision of health services (preventive and curative), 
family planning activities, nutrition activities, and emergency 
aid designated for health but does not include provision of 












“Cash payments for operating activities of the government in 
providing goods and services. It includes compensation of 
employees (such as wages and salaries), interest and 
subsidies, grants, social benefits, and other expenses such as 













“Foreign direct investment are the net inflows of investment 
to acquire a lasting management interest (10 percent or 
more of voting stock) in an enterprise operating in an 
economy other than that of the investor. It is the sum of 
equity capital, reinvestment of earnings, other long-term 
capital, and short-term capital as shown in the balance of 
payments. This series shows net inflows (new investment 






41 missing data 
points 
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and GDP is unclear. As one would expect, the impact 
of GDP per capita on life expectancy is much less 
pronounced in developed countries. The inequality-
health gradient is the steepest for Eastern Europe. 
In emerging countries, income grows slightly with 
inequality, which results in a positive link between 
inequality and life expectancy.  
Of course, these correlations do not represent 
causal relationships – they may be confounded by 
omitted variables and the panel nature of the data. 
To correct for this, I estimate a range of regressions, 
which are presented and discussed in the remainder 
of this section. 
I carry out specification tests to find the 
correct econometric approach, using the functional 
form (A) (see below) for the testing. The Appendix 
provides more detail on specification tests and other 
econometric issues.
First, I use the Hausman test to distinguish 
between random and fixed effects model: does each 
country have an intercept that carries over through 
time? The null hypothesis of random effects was 
rejected at the 5 percent significance level, so fixed 
effects regressions were run in the paper.
Second, the Roy-Zellner test was used to check 
whether data are pool-able. The hypothesis that the 
slopes are the same for all countries was rejected at 
the 5 percent significance level. I continue to treat the 
data as pool-able, but this result needs to be taken 
into account when evaluating the outcomes of this 
analysis.  
In this section, I start with six different 
functional forms.
I use cluster standard errors to control for 
possible heteroscedasticity and autocorrelation. Only 
these standard errors are reported. 
 
Results and Discussion
Table 3 summarizes the results of these six FE 
regressions on raw data. 
Overall, the fit is very good (R2 between 29.9 
percent and 66.8 percent). Across all regressions, the 
data do not reject the absolute income hypothesis. As 
expected, income improves life expectancy, and this 
relationship is concave. 
Only one regression, E, finds a significant link 
between Gini and life expectancy. 




















Gini coefficient 1,000      
GDP per capita -0,284 1,000     
Life expectancy -0,265 0,794 1,000    
Public expenditure -0,633 0,320 0,374 1,000   
Secondary school      
enrollment -0,384 0,598 0,602 0,539 1,000  
Health expenditure per       
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between the Gini coefficient and GDP per capita was 
added in Regression C to simulate epidemiological 
transition.65 This variable is highly insignificant, 
mirroring Gravelle’s results. There are several 
possible interpretations: either the data detects no 
epidemiological transition or all the countries in the 
dataset have already passed the transition. The results 
so far do not allow us to distinguish between these 
two explanations.
In Regression D, I add control variables, but the 
coefficients of income and inequality do not change.  
Originally, all three control variables (healthcare 
expenditure per capita, secondary school enrollment, 
and total public expenditure) were included, but 
a series of joint-significance tests showed that 
healthcare expenditure is the only significant one. 
The other two insignificant variables were excluded 
from further regressions. 
An alternative way to approximate the concave 
health-income relationship is by the reciprocal 
function of GDP per capita and GDP per capita 
squared (as in Regression E). This was Rodgers’ 
preferred specification, and it indeed provides more 
support for a link between life expectancy and 
inequality, suggesting that the quadratic function 
may not be the best way to model the income-health 
relationship.66 Nevertheless, the p-value of Gini 
is still only 0.08 percent, while R2 drops to 29.9 
percent. By switching from a quadratic to a reciprocal 
function, we traded goodness of fit for significance of 
inequality variable. This suggests that the functional 
form of Regression E puts greater importance on 
inequality than the competing regressions.
Regression F reproduces the preferred translog 
Table 3 (various FE specifications on all countries) 















.422*** 1.235*** 1.232*** .723*** -19.436*** 10.078** 
 (.00) (.00) (.00) (.00) (.00) (.03) 
       
GINI .0176 .013 .012 .015 .057* 35.705 
 (.68) (.7) (.78) (.57) (.08) (.3) 
       
GDP p.c. 
squared 
 -.017*** -.017*** -.014*** 6.133*** 4.373*** 
  (.00) (.00) (.00) (.00) (.00) 
       
GDP*GINI   .000   -1.3 
   (.96)   (.59) 




   .002***   
    (.00)   
       
GINI squared      -11.3 
      (.34) 
       
constant 68.228*** 62.538*** 62.563*** 66.339*** 75.904*** 34.456 
 (.00) (.00) (.00) (.00) (.00) (.00) 
N 539 539 539 369 539 539 
R2 0.426 0.578 0.578 0.668 0.299 0.631 
Notes: p-values in parentheses: * p < 0.1, ** p < 0.05, *** p < 0.01. GDPpc and GDPpcsq in regression E are in 
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Table 4 (FE regressions of preferred specifications on country subgroups) 
 D E  
 Developed Emerging East Europe Developed Emerging East Europe  
 life expectancy life expectancy life expectancy life expectancy life expectancy life expectancy  
GDP per capita .612*** 4.157 1.25 -283.008*** -24.945* -20.604***  
 (.00) (.26) (.11) (.00) (.08) (.00)  
        
GDP p.c. 
squared 
-.011*** -.38 -.066 922.395*** 4.813 7.631***  
 (.00) (.22) (.34) (.00) (.16) (.00)  
        
GINI .023 -.033** .004 -.002 .094 .028  
 (.22) (.03) (.89) (.95) (.30) (.41)  
        
Health 
expenditure p.c. 
.001*** .005 .002*     
 (.00) (.22) (.068)     




 .067      
  (.20)      
        
Public 
expenditure 
 -.104      
  (.52)      
        
constant 66.271*** 59.048*** 66.454*** 89.008*** 75.367*** 76.475***  
 (.00) (.00) (.00) (.00) (.00) (.00)  
N 175 32 129 257 99 183  
R2 0.897 0.563 0.626 0.802 0.377 0.555  
Notes: p-values in parentheses: * p < 0.1, ** p < 0.05, *** p < 0.01. GDPpc and GDPpcsq in regression E are in reciprocals of the 
variables. 
	  specification from Gravelle et al. The qualitative 
results are identical to the quadratic specification. 
One may argue that Gini is insignificant because 
the dataset combines developed and developing 
countries. To investigate this possibility, preferred 
specifications in Regressions D and E are repeated for 
country subgroups. Regression D was chosen because 
the lack of control is often criticized as the weak 
spot of relative income research, and Regression E 
presents a different functional approximation of the 
problem, slightly accentuating the role of inequality. 
In other words, Regression D is stricter while E is 
more lenient when testing for an income-health 
relationship. The results can be seen in Table 4.
These findings largely echo the full-sample 
regressions, albeit with a few discrepancies. 
While the values of the income coefficients are as 
expected (income is most important in emerging 
countries, followed by Eastern Europe), income 
plays a statistically significant role only in developed 
countries. This suggests that other factors—
perhaps institutions, political stability, or quality of 
healthcare—play greater roles in determining life 
expectancy of people in Eastern European countries.
Diminishing returns of income on life 
expectancy are detected in all types of countries, 
which suggests they have all passed the point 
of epidemiological transition. This is why the 
interaction term between Gini and GDP per capita in 
Regression C was not significant—all the countries in 
the sample have passed the transition, and thus there 
is no variation on which to base an estimate for the 
impact of the transition on life expectancy. 
However, significance of control variables 
does differ between country groups. Secondary 
school enrolment is more important in emerging 
countries than anywhere else. At low average levels 
of education, an extra year of schooling may have 
a much bigger marginal impact on life expectancy 
compared to countries where the average length of 
schooling is already high. 
The Gini is insignificant in all but one case. 
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This means that, contrary to the Wilkinson and 
Pickett result in the Sprit Level, these regressions 
reject the hypothesis that inequality can explain 
the international variation in life expectancy. Gini 
may be insignificant because it is either collinear 
with the second moment of average income or it 
may simply not matter. Further interactions may be 
in play, but this model does not allow us to make 
further assertions, so we cannot distinguish between 
alternative explanations.
To conclude, the results support the absolute 
income hypothesis, an increase in average GDP per 
capita by $1000 USD will improve life expectancy by 
seven months, thirteen months and more than three 
years in developed, Eastern European and emerging 
countries, respectively. The uniformly negative 
coefficient on GDP per capita squared serves as 
evidence of a negative relationship between income 
inequality and life expectancy via the aggregation 
effect. Gini is almost universally insignificant, which 
may occur for a variety of reasons between which we 
cannot distinguish at this stage of the analysis.
Comparing the full sample and sub-sample 
outcomes, the sum seems to give stronger results than 
its parts. This only highlights the sampling sensitivity 
of the income-health relationship; subsample results 
are more reflective of the underlying relationships 
than the full-sample regression.
 
3.3. Panel Regressions on Transformed Data
Although the evidence for a health-inequality 
relationship is sparse so far, this does not indicate 
anything about the health-inequality relationship on 
an individual level (see section 2). To address this 
problem, I use the model introduced in part 2.3. I 
showed how expressing individual health and income 
as deviations from the world means and averaging 
them over states enables us to distinguish between 
the effect of aggregation and the relative income 
hypothesis. 
To put it simply, I decompose the variation 
in individual income into the deviations from the 
country average plus the deviations of the country 
average from the world average. The country-world 
deviations capture the concavity of health-income 
relationship. If the variation of income within a 
country has only as big an impact on health as the 
variation of income across countries, then inequality 
(which is a function of income variation) does not 
have any extra influence on health. However, if the 
relative income hypothesis holds and inequality per 
se affects health, then we expect the within-country 
income variation to influence health differently than 
the international income variation. Thus, variable θ 
will be non-zero.
Regression G below is equivalent to model 
equation (5). Time subscripts were added to capture 
development over time.
When estimating Regression G, the individual 
data that were used to derive this regression are not 
actually needed to estimate the parameters of the 
model, as accounted for by the  aggregation done in 
part 2.3. Thus, I only use data on a country level.
To distinguish between the transformed and 
original variables, the latter are labeled life expectancy 
and GDP per capita, while the transformed ones are 
income and health. 
The point of interest in this regression is the 
parameter θ, which measures the impact of inequality 
on individual health. A t-test of  is carried out. Under 
the null, the relative income hypothesis is rejected. 
If these two coefficients differ significantly, then 
we conclude that inequality affects health in the 
direction specified by the sign of θ. 
 
Results and Discussion
The results are summarized in Table 5. The lack 
of significance of income variables and the low R2 
are suspicious. I hypothesize that they result from the 
low variation among transformed data.  
The bottom line of Table 5 presents p-values 
of θ under the null hypothesis θ = 0, which are 
insignificant in all cases.  Interestingly, the p-value 
is smallest for developed and Eastern European 
countries. We would expect, given the relative 
income hypothesis, that relative deprivation affects 
life expectancy only once a country is rich. The 
puzzling conclusion is that the sign of θ (implied by 
coefficients on income squared and Gini) is positive 
for all but emerging countries, suggesting that 
income inequality increases average life expectancy. 
Overall, then, θ provides little evidence of a negative 
individual relationship between income inequality 
and life expectancy. If the only problem was little 
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variation in the data, θ would be insignificant, but 
its values would be in line with the hypothesis. But 
because it is both insignificant and  its values fail to 
tell a consistent story, we must conclude that this 
regression failed to find any evidence in favor of the 
relative income hypothesis.
Controls for education and healthcare 
expenditure were added to the original regression 
(Regression G). At first, the measure of public 
expenditure as percent of GDP was included as well, 
but this variable was omitted in the end because it 
was insignificant.  If inequality caused a breakdown 
of trust and social cohesion, leading to lower public 
expenditure, the public expenditure variable would 
be significant and positive. These results show this is 
not the case; public expenditure does not have a role 
in explaining life expectancy.  
Hence, the relative income hypothesis is 
unambiguously rejected.  
Addressing the Possible Endogeneity of Income
One of the threats to the consistency of the 
estimated results is endogeneity of income. 
The condition,         , could arise 
for several reasons, including measurement error, 
omitted variables bias, or reverse causality. Time-
invariant omitted variables are not a problem thanks 
to the fixed effects estimation, but country-specific 
time trends (idiosyncratic historic development) 
or a confounding variable for life expectancy and 
income (e.g. preferences for healthcare) would 
be problematic. Reverse causation is a threat, too, 
because health can be understood as an input—a 
form of human capital.67  
To address the endogeneity problem, I use 
annual inflow of foreign direct investment to 
instrument for GDP per capita. FDI increases 
investment, which in turn promotes higher wages, 
so average income in a country is higher. Given 
that these countries have passed epidemiological 
transition, their health profiles should be similar 
enough and FDI flows should not depend on the 
health of the population. 
The instrument proved valid only for developed 
countries, so the instrumentation did not address 
income endogeneity in the full sample of countries. 
  Table 5 (FE regression G on full sample and sub-samples) 
 all countries Developed Emerging East Europe 
 Health Health Health health 
Income .023 -.098 .37 -1.515* 
 (.79) (.22) (.45) (.06) 
     
Income 
squared 
-.005 -.001 .032 -.079** 
 (.11) (.63) (.46) (.04) 
     
GINI .006 .02 .034 .007 
 (.79) (.19) (.17) (.84) 




.007 .000 -.029 .044 
(.25) (.95) (.37) (.12) 




.000* .000** .001 -.000 
 (.07) (.05) (.33) (.73) 
     
constant -.314 3.923*** -1.662 -14.522** 
 (.65) (.00) (.15) (.02) 
N 331 163 49 119 
R2 0.054 0.230 0.140 0.169 
p-value of θ 0.609 0.184 0.954 0.128 
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Furthermore, instrumenting for income did not 
lead to different results and conclusions: income 
significantly and positively affects life expectancy, this 
relationship exhibits diminishing marginal returns, 
and the relative income hypothesis is not supported 
by the data. 
 
4. CONCLUSION
4.1. Discussion of Results and Ideas for Further 
Research
In Section 2.1, I introduced three main 
income-health theories: that absolute levels of 
income improve health; that income inequality is 
detrimental to health of all members of the society; 
and that income changes in response to good or bad 
health. The aim of this paper was to test the second 
relationship, the relative income hypothesis. 
This paper fails to find consistent evidence to 
support this theory. The hypothesis that income 
inequality is detrimental for every member of the 
society was not supported by the data. If there 
is a relationship between income inequality and 
population health, it is more complex than one 
suggested by simple cross-sectional correlations that 
dominate the literature.
The reliability of my results largely depends on 
the assumptions about the data. The plausibility of a 
cross-national study can be questionable when the 
underlying data are not directly comparable. In this 
respect, this paper follows the benevolent approach 
of most literature. 
Using the Gini coefficient as a measure of 
inequality is susceptible to problems. The Gini 
coefficient does not allow for a full description 
of income distribution because Lorenz curves 
representing very different inequality patterns may 
intersect.68 Unfortunately, more suitable alternatives 
such as Generalized Entropy indices are rarely 
reported. 
Another threat to internal validity is structural 
change. Deaton and Paxson and Ruhm show that 
mortality is procyclical.69 Preston and Hill compare 
the main factors behind life expectancy across differ-
ent time periods for developing countries, and con-
clude that this relationship changes significantly.70 
Between 1930 and 1960, socioeconomic factors ac-
counted for only thirty percent of life expectancy 
variation, while explaining a majority of it in 1965-
1979.71 The cases of transitional East European 
economies are a good example of how changes in 
unobservable country-specific factors, such as insti-
tutional background, influence the health-inequality 
relationship. For instance, while inequality was uni-
formly rising, Russia and Ukraine experienced a per-
sistent increase in mortality to their 1970s levels, but 
a U-shaped life expectancy pattern was observed in 
the rest of the sample.72 Chow tests of structural sta-
bility and a richer set of controls could address this.
Dynamics of the health-income relationship 
may also play a role. Blakely et al. suggest a lag as 
long as fifteen years may be appropriate.73  
Income endogeneity, although briefly addressed 
in section 3.3, remains a concern.  Although 
Instrumentation showed that income is exogenous 
in developed countries, a different instrumental 
variable should be used for Eastern Europe and 
emerging countries to arrive at credible estimates. 
Overall, the instrumental variable results did not 
contradict previous findings of this paper, but an 
extensive research on income endogeneity would add 
credibility to the results.    
External validity of the results is much less 
problematic, although the Roy-Zellner test from 
part 3.2 suggested that country responses to 
changes in income and inequality may be too id-
iosyncratic to pool. This raises the question of the 
transferability of single-country findings.   
Future research should focus on a more realistic 
modeling of the health-income relationship. An error 
correction model may be used to infer the long-term 
relationship between health and income. Most im-
portantly, clearly distinguishing between individual 
and aggregate health-income relationships will be es-
sential for formulating comprehensible policy recom-
mendations, which I address in the final section.
4.2. Policy Implications
This paper finds no support for the relative 
income hypothesis. Increased government income 
redistribution, then, may not result in improved 
health of the population. If UK political leaders wish 
to reduce income disparities, this must be argued on 
grounds other than mortality rates. 
However, this paper has a second, equally 
important message: the data underlying most 
research are not truly adequate to answer the posed 
questions. Policymakers should first and foremost 
support initiatives such as the Luxembourg Income 
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Study. Creating internationally comparable datasets 
will significantly decrease the uncertainty of our 
results.
Finally, one must note that even the most 
accurate research on the relationship between 
health and inequality is not enough to state whether 
a government should aim for greater income 
redistribution. This is a decision that can only be 
made by careful examination of the benefits, costs, 
and values associated with such a policy.
5. APPENDIX TO THE EMPIRICAL PORTION OF 
THE PAPER
Prior to running the regressions described 
in the main body of the paper, I conducted the 
following specification tests. 
There are several models that can be fitted on 
panel data: pooled effects, fixed effects, and random 
effects.
Because each makes different assumptions 
about variable endogeneity and disturbances, I 
employ several tests to choose the most appropriate 
one. 
First, is the data pool-able (i.e. can I fit the same 
health-income slope to all countries)? I use the Roy-
Zellner test as opposed to the Chow test.74 Both 
compare a pooled model (            ) to an unrestricted 
version with country-specific slope parameters 
(    ), but Roy-Zellner estimates a random-effects 
regression instead of OLS to take into account the 
composite structure of disturbances Ԑ if random/
fixed effects are present - 	   vs.   
   in the Chow test.   
The Roy-Zellner test was performed on 
regression specification A:
The hypothesis that the slopes are the same 
for all countries was rejected at the 5 percent 
significance level, suggesting that countries respond 
idiosyncratically to movements in GDP and Gini. 
Second, are there any country-specific effects? 
To test this, I estimate (A) by OLS, including country 
dummies to allow 36 country-specific intercepts. The 
F-statistic for their joint significance is F3, 35 = 
13.96, which rejects the null hypothesis of all dummy 
coefficients being equal at the 1 percent significance 
level. Together with the Roy-Zellner test, this 
suggests pooled model does not fit the data. 
Finally, I carry out the Hausman test, which 
compares random-effects with fixed-effects 
coefficients. If the null hypothesis of RE holds, these 
coefficients are statistically identical. The comparison 
of coefficients in (A) yields a p-value of 0.11; when 
I add the square of GDP per capita to the regression 
(specification B), the chi-squared test statistic 
of 79.62 unambiguously rejects the null at the 1 
percent significance level. A fixed-effects model is 
therefore used throughout this paper, i.e. variables 
are time-demeaned prior to regression to eliminate 
unobservable state-specific fixed effects. 
The data transformation carried out in the 
model is not a standard econometric procedure, as 
Deaton suggested it to tackle the aggregation problem 
in particular. In a more general sense, however, 
transformation of variables is nothing unusual: it is 
typical to log variables to smooth out time series, to 
give the variable a normal distribution, or to be able 
to directly estimate elasticity parameters. Time series 
Pooled	   model	  
(by	  OLS)	  
	   Slope	  and	  intercept	  homogeneity;	  Gauss-­‐
Markov	  assumptions	  hold.	  	  
Random	  
effects	   (by	  
FGLS)	  
	   Slope	   homogeneity;	   composite	  
disturbance	   	  result	  
in	   serial	   correlation.	  𝑂𝑂? 	  consistent	   as	  
long	   as	   conditional	   mean	   independence	  
holds:	  𝐸𝐸 𝑎𝑎𝑠𝑠 𝑥𝑥𝑠𝑠𝑠𝑠 = 0	  .	  	  
Fixed	   effect	  




	   Slope	   homogeneity,	   but	   intercept	  
heterogeneity	   =	   country-­‐specific	   effects,	  
which	   are	   correlated	   with	   𝑥𝑥𝑠𝑠𝑠𝑠 :	  
.	   Estimates	   consistent	  
conditional	  on	  x	  and	  α:	   ,	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variables are often expressed as differences relative 
to the lag value, which equals the growth rate. The 
goal here is to transform a non-stationary series 
into a stationary one. Variables in Real Business 
Cycle models such as inflation and output are 
usually transformed into deviations from the steady 
state. Finally, some data are normalized so that the 
variance is a constant proportion of the mean of the 
variable (e.g. Box-Cox transformation). To conclude, 
although the particular variable transformation is 
relatively unique, this general process is widely used 
in econometrics.  
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